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Background:  Conventional  reconstruction  of  the  anterior  cruciate  ligament  (ACL)  is  associated
with a  15%  failure  rate.  Computer-assisted  navigation  systems  (CANS)  have  been  developed  to
improve the  accuracy  of  tunnel  positioning.
Hypothesis:  The  use  of  a  CANS  for  ACL  reconstruction  decreases  the  rate  of  failure,  deﬁned  as
IKDC grade  C  or  D,  compared  to  conventional  ACL  reconstruction.
Materials  and  methods:  This  prospective  multicentre  observational  non-randomised  open  study
compared two  groups  of  patients  requiring  arthroscopic  ACL  reconstruction:  one  group  was
managed  with  a  CANS  and  the  other  (control  group)  without  a  CANS.  The  primary  evaluation
criterion  was  based  on  the  subjective  and  objective  IKDC  scores.  Inclusion  criteria  were  age
older than  18  years  and  ﬁrst  ACL  reconstruction  procedure  using  autologous  semitendinosus  and
gracilis tendons  or  an  autologous  bone-patellar  tendon-bone  graft.  Of  the  272  included  patients,
214 were  analysed;  100  were  in  the  control  group  and  114  in  the  CANS  group.
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Results:  No  signiﬁcant  between-group  differences  were  found  for  the  fraction  of  patients  having
an IKDC  grade  A  or  B  (P  =  0.953),  the  subjective  IKDC  score  (P  =  0.77),  differential  knee  laxity
at 150  N  (1.38  ±  1.79  mm  in  the  control  group  and  1.77  ±  2.06mmin  the  CANS  group,  P  =  0.384),
graft-type,  or  graft  positioning.
Discussion:  Our  results  establish  the  large-scale  feasibility  of  computer-assisted  navigation  for
ACL reconstruction.  However,  the  main  outcomes  at  1  year  showed  no  signiﬁcant  differences




















































































signiﬁcantly  different  from  the  study  patients  in  terms  ofLevel of  evidence:  III:  pros
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urgical  reconstruction  of  the  anterior  cruciate  ligament
ACL)  is  a  very  commonly  performed  procedure  (about
0,000  cases  per  year  in  France).  The  goal  is  recovery  of
ull  knee  function.  Therefore,  ligament  reconstruction  must
e  both  anatomically  and  functionally  optimal.
Good  or  very  good  overall  objective  and  subjective  out-
omes  have  been  reported  in  85%  of  cases  [1,2]. Failed
econstruction  in  the  remaining  15%  of  cases  is  associated
ith  an  IKDC  grade  of  C  or  D,  an  inability  to  resume  previ-
us  occupation-related  or  sporting  activities,  and/or  tunnel
alposition.  The  result  is  loss  of  chance  for  the  patient  and
dditional  healthcare  costs  related  not  only  to  the  need  for
urther  surgery,  but  also  to  the  well-documented  meniscal
nd  cartilaginous  complications  that  characterise  the  natu-
al  history  of  ACL  rupture.
Since  the  initial  work  by  Julliard’s  group  [3,4], we  have
emonstrated  that  a  computer-assisted  navigation  system
CANS)  improves  accuracy  in  positioning  the  femoral  and
ibial  graft  insertion  sites.  We  therefore  hypothesised  that
sing  a  CANS  signiﬁcantly  decreased  the  failure  rate  of  ACL
econstruction.
To  assess  this  hypothesis,  we  prospectively  compared
wo  groups  of  patients,  an  intervention  group  managed
ith  CANS  and  a  control  group  managed  with  conventional
urgery.  The  primary  evaluation  criteria  were  the  objective
nd  subjective  IKDC  scores  1  year  after  surgery.  A  grade
f  A  or  B  based  on  the  IKDC  scores  was  taken  to  indi-
ate  successful  reconstruction  and  a  grade  of  C  or  D  failed
econstruction.Secondary  evaluation  criteria  included  the
ubjective  IKDC  score  increase  after  6  months  and  1  year  ver-
us  baseline,  to  determine  whether  the  time  to  functional
ecovery  was  shorter  in  the  CANS  group;  feasibility  (percent-
ge  of  patients  actually  managed  with  CANS  in  the  CANS
roup);  learning  curve  parameters  (ligament  positioning
nd  operating  time);  and  hospital  stay  characteristics  (stay
ength,  need  for  ICU  admission,  operating  time,  and  imme-
iate  postoperative  complications  including  reoperation).  In
ddition,  any  complications  after  hospital  discharge  were
ecorded  during  three  patient  visits,  3  months,  6  months,
nd  1  year  after  the  procedure.  Finally,  the  time  to  resump-
ion  of  physical  activities  was  recorded,  as  well  as  the
umber  and  speciﬁc  modalities  of  the  rehabilitation  ses-
ions.
ateriel and methodse  used  a  prospective,  observational,  multicentre,  compar-
tive,  non-randomised,  open  study  design.  The  study  was
d
nve  case  control  study.
sson  SAS.
ponsored  by  the  French  Ministry  of  Health  (National  Health
rogram:  Programme  National  de  Soutien  aux  Innovations
echniques  Coûteuses,  Programme  STIC  2005).
We  included  patients  older  than  18  years  of  age  who
ere  scheduled  for  a primary  ACL  reconstruction  procedure
sing  either  the  autologous  semitendinosus  and  gracilis  ten-
ons  (four-strand  hamstring  graft,  FSHG)  or  an  autologous
one-patellar  tendon-bone  graft  (BPBG).  All  study  data  were
andled  conﬁdentially  and  entered  into  an  electronic  case-
eport  form.  Each  patient  was  given  an  information  sheet
xplaining  how  the  data  would  be  used  and  specifying  the
atient’s  right  to  refuse  the  study  and  to  access  and  modify
he  data.  The  primary  evaluation  criterion  was  assessed  1
ear  after  ACL  reconstruction.
We  used  the  navigation  system  described  by  Julliard  and
essenne  [3,5,6],  with  the  Surgetics  Praxim  station  (Praxim
edivision,  La  Tronche,  France)  equipped  with  software
edicated  to  ACL  reconstruction  (ACL  Logics).
The  evaluation  criteria  were  the  objective  and  subjective
KDC  scores,  knee  laxity  measured  using  Telos  radiography,
nd  measurements  of  graft  position.
tatistical  methods
he  statistical  analyses  were  performed  at  the  Grenoble
linical  Investigation  Centre  by  an  independent  statistician
ho  was  blinded  to  the  study  data.  To  compensate  for
he  absence  of  random  patient  allocation,  two  adjustment
trategies  were  used:  multivariate  random-effects  logistic
egression  and  adjustment  on  a  propensity  score  taking  into
ccount  the  main  potential  risk  factors.  Quality-of-life  varia-
les  were  analysed  either  one  by  one  or  in  clusters  reﬂecting
imensions  derived  from  those  in  the  SF-36  subscales,  as  the
tems  were  similar  but  not  identical.
esults
atients
f  285  patients  included  initially,  13  were  excluded  (age  <  18
ears  or  previous  ACL  reconstruction);  58  (21.3%)  of  the
emaining  272  patients  were  lost  to  follow-up,  leaving  214
atients  for  the  study  (Fig.  1  and  Table  1).  As  shown  in  Fig.  1,
14  patients  were  in  the  CANS  group  and  100  in  the  control
roup.  The  patients  who  were  lost  to  follow-up  were  notemographics  or  prognostic  criteria.
For  most  of  the  demographic  and  clinical  characteristics,
o  signiﬁcant  differences  were  found  between  the  CANS  and
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100 patients with  the 
primary criterion at 12 
months 
114 pat ients w ith the 
primary criter ion at 12 
months 
285 patients 
- 7 patients 
inclu ded  mis takenly
143 in the contro l group 
(conventional surgery)
142  in the CANS group 
 (surgery with  navigation)
- 6 pa tients 
inclu ded  mistakenly
136 pat ients a nalysed 136 patients analysed
- 36 patients  
(20 lo st to  follow-up and 
16*not seen  at 12 mont hs) 
- 22 pa tients 
(10 lost  to follow-up and 
12*not seen  at  12  months)  
Figure  1  Patient  ﬂow  chart.
Table  1  Demographic  and  clinical  features  of  the  study  patients  before  surgery.
Control  group  Navigation  group  p  value
Demographics
Age,  mean  ±  SD  (n)  28.9  ±  9.0  (n  =  136)  31.0  ±  9.5  (n  =  135)  0.060
Males, n/N  (%)  95/136  (69.9%)  104/135  (77.0%)  0.181
BMI, mean  ±  SD  (n)  23.6  ±  3.6  (n  =  136)  24.2  ±  3.2  (n  =  134)  0.139
Smokers, n/N  (%)  51/134  (38.1%)  41/135  (30.4%)  0.574
High-level athlete,  n/N  (%) 23/134  (17.2%)  10/135  (7.4%)  0.015
Medical history
Overweight,  n/N  (%)  8/136  (5.9%)  12/134  (9.0%)  0.335
Clinical evaluation
Constitutional  laxity,  n/N  (%) 0.285
Stiff/normal 126/136  (92.6%) 120/135  (88.9%)
Laxity 10/136  (7.4%) 15/135  (11.1%)
Alignment,  n/N  (%)  0.130
Varus 15/136  (11.0%)  26/135  (19.3%)
Normal 112/136  (82.4%) 98/135  (72.6%)
Valgus 9/136  (6.6%)  11/135  (8.1%)
Concomitant  cartilage  lesion,  n/N  (%)  15/125  (12.0%)  17/120  (14.2%)  0.615
Type of  graft,  n/N  (%) 0.305
Autologous  patellar  tendon  53/133  (39.8%)  56/131  (42.7%)
Hamstring 78/133  (58.6%)  73/131  (55.7%)
Quadriceps  tendon  2/133  (1.5%)  /
Other /  2/131  (1.5%)
Subjectiveikdc  score,  mean  ±  SD  (n)  54.9  ±  15.4  (n  =  128)  54.5  ±  17.3(n  =  126)  0.824
Objective IKDC  score  (items  1-2-3),  n/N  (%)  <  0.01
A /  /
B 1/136  (0.7%)  1/135  (0.7%)
C 90/136  (66.2%)  65/135  (48.1%)
D 45/136  (33.1%)  69/135  (51.1%)
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Table  2  Outcomes.
Control  group Navigation  group  p  value
Success  rate  (IKDC  A  and  B)  91/100:  91%  104/114:  91.2%  0.953
Radiographic  laxity  1.38  ±  1.79  mm  1.77  ±  2.06  mm  0.384
SubjectiveIKDC  25.8  ±  18.7  24.9  ±  19.3  0.77
Operating time,  in  minutes  74  102  <0.01
Success rate  (IKDC  A  and  B)  94.3%  for  seniors  versus  85.7%  for  juniors  0.036
Days to  sports  resumption 187.5  (136-242) 197  (158-263) ns














































































OTibial tunnel  positioning  (CTT/STD*100) 34.34  ±  1
ontrol  groups.  However,  differences  were  noted  for  high-
evel  sports  participation  (17.2%  in  the  CANS  group  versus
.4%  in  the  control  group,  P  =  0.015)  and  the  preoperative
KDC  score  (Table  1).
Only  two  quality-of-life  items  differed  signiﬁcantly
etween  the  two  groups  at  baseline.  Impairment  of  social
ctivities  due  to  physical  and  emotional  problems  was  sig-
iﬁcantly  less  common  in  the  CANS  group  than  in  the  control
roup  (53.2%  versus  41.1%,  P  =  0.03).  The  vitality  score  was
igniﬁcantly  higher  in  the  CANS  group  (66.9  ±  18  versus
1.4  ±  20,  P  =  0.02).
KDC  Scores
ean  time  from  study  inclusion  to  the  last  follow-up  eval-
ation  (223  patients)  was  386  days  (range,  237—889  days)
Table  2).  With  neither  of  the  two  adjustment  methods
sed  was  a  signiﬁcant  difference  found  between  the  two
roups  for  the  proportion  of  patients  whose  IKDC  grade  was
 or  B  (deﬁning  successful  reconstruction):  91/100  (91%)  in
he  control  group  and  104/114  (91.2%)  in  the  CANS  group,
 =  0.953.  In  the  multivariate  logistic  regression  model,  the
djusted  odds  ratio  (aOR)  was  1.01  [0.36-2.84],  P  =  0.988.
he  model  was  adjusted  for  the  following  potential  con-
ounders:  centre  effect,  level  of  activity  (high-level  sports
ersus  other),  gender,  constitutional  baseline  laxity,  base-
ine  IKDC  score,  procedure  done  by  a  senior  or  junior
hysician,  and  type  of  autologous  graft  (FSHG  or  BPBG).
he  propensity  score  was  based  on  19  potential  confounding
actors:  age,  gender,  body  mass  index,  smoking,  high-level
ports,  time  since  inclusion,  impairment  of  social  activi-
ies,  vitality,  side  involved,  lesions  of  the  medial  meniscus,
esions  of  the  lateral  meniscus,  procedure  done  by  a  senior
r  junior  physician,  type  of  autologous  graft,  constitutional
axity  (yes/no),  knee  alignment,  position  of  the  patella,  sub-
uxation  of  the  patella  (yes/no),  and  baseline  IKDC  scores.
he  results  obtained  using  the  propensity-score  method
ere  similar  to  those  of  the  multivariate  logistic  regression
odel:  aOR  =  1.09  [0.37-3.20],  P  =  0.873.
No  signiﬁcant  difference  was  found  between  the  two
roups  when  the  IKDC  dimensions  were  analysed  separately.
In  the  control  group,  there  was  no  signiﬁcant  differenceetween  the  FSHG  and  BPBG  subgroups.  In  the  CANS  group,
n  contrast,  a  higher  proportion  of  patients  had  an  IKDC
rade  of  A  in  the  FSHG  subgroup  than  in  the  BPBG  subgroup
68.25%  versus  39.13%,  p  =  0.013).
T
i
g34.19  ±  9.7 ns
econdary  evaluation  criteria
perating  time,  stay  length,  and  learning  curve
ean  operating  time  was  30  minutes  longer  in  the  CANS
roup  than  in  the  control  group  (P  <  0.01)  (Table  2).  Expe-
ience  affected  the  mean  operating  time:  junior  surgeons
ad  mean  operating  times  of  74  minutes  in  the  control  group
nd  102  minutes  in  the  CANS  group,  whereas  corresponding
alues  for  senior  surgeons  were  54  minutes  and  77  minutes
P  <  0.01).
Mean  hospital  stay  length  was  four  days  in  both  groups.
To  assess  the  learning  curve,  we  compared  the  mean
perating  time  (in  minutes)  for  the  ﬁrst  3  CANS  patients  in
ach  study  centre  to  the  overall  mean  operating  time  of
7  minutes  in  the  CANS  group.  The  results  varied  widely,
rom  +40  minutes  to  0  minute.
esumption  of  physical  activities
edian  rehabilitation  therapy  duration  was  12  weeks  (IQR,
-20)  in  the  control  group  and  12  weeks  (IQR,  8—24)  in  the
ANS  group  (P  =  0.366).
No  differences  were  reported  between  the  two  groups
egarding  the  return  to  work,  school,  or  sporting  activities.
edian  time  from  study  inclusion  to  the  return  to  work  or
chool  was  79.5  days  (IQR,  50-134)  in  the  control  group  and
7  days  (IQR,  54—126)  in  the  CANS  group  (P  = 0.602).  Median
ime  from  inclusion  to  the  return  to  sporting  activities  was
87.5  days  (IQR,  136—242)  in  the  control  group  and  197  days
IQR,  158—263)  in  the  CANS  group  (P  =  0.292).  This  variable
as  inﬂuenced  neither  by  the  type  of  sport  (contact  sport
r  other)  nor  by  the  level  of  sporting  activity  (high  level  or
ther).
omplications
nly  4  (1.5%)  patients  experienced  immediate  postopera-
ive  complications,  two  in  each  group.  Adverse  events
ccurred  during  the  study  period  in  25  patients,  13  in
he  CANS  group  and  12  in  the  control  group.  Of  the
 patients  who  each  experienced  two  adverse  events,
our  were  in  the  CANS  group  and  2  in  the  control  group
Tables  3  and  4).
ther  secondary  evaluation  criteria
he  improvement  in  the  subjective  IKDC  score  was  not  signif-
cantly  different  between  the  two  groups  (P  =  0.77)  (Table  2).
Differential  laxity  at  150  N  measured  by  Telos  radio-
raphy  [7,8]  was  1.38  ±  1.79  mm  in  the  control  group  and
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Table  3  Patients  with  adverse  events  (n  =  25).
Group  Type  of  event  Details
Control Infection  Septic  arthritis  of  the  knee
Control Infection  Wound  revision  +  arthrotomy  and  lavage
Control Re-operation  Hematoma  with  limited  wound  dehiscence
Control Other  Hematoma  at  the  graft  harvesting  site
CANS Other Inﬂammatory  syndrome  with  no  evidence  of  infection;  fever
for 48  h  then  spontaneous  resolution
CANS Re-operation Arthroscopy  for  cyclops  syndrome
Control Re-operation  Arthroscopy  for  cyclops  syndrome
CANS Other  Arthroscopy  for  cyclops  syndrome
Control Other  Arthroscopy  for  cyclops  syndrome
Control Re-operation  Arthroscopy  for  medial  meniscectomy
CANS Re-operation  Arthroscopy  for  medial  meniscectomy
Control Other  Arthroscopy  for  medial  meniscectomy
CANS Re-operation  Repeat  ligament  reconstruction  after  graft  rupture
Control Other  Repeat  ligament  reconstruction  after  graft  rupture
CANS Re-operation  Manipulation  of  the  knee
Control Other  Manipulation  of  the  knee
CANS Venous  thrombosis  Distal  thrombosis  of  the  left  sural  vein
CANS Other  Reﬂex  sympathetic  dystrophy  syndrome
Control Other  Reﬂex  sympathetic  dystrophy  syndrome
CANS Navigation  Failure  of  the  computer  to  record  the  tibial  spine  acquisitions
CANS Navigation  Calibration  impossible
CANS Re-operation  Excision  of  ﬁxator  pin  site  necrosis  (after  9  days)
CANS Re-operation  Infection  of  pin  sites:  excision  (after  14  days)
CANS Re-operation  Osteoma  of  the  quadriceps  around  the  femoral  pins  (after  2.3
months)
Control Death  Accident  during  base  jumping
Table  4  Patients  with  two  adverse  events  (n  =  6).
Group  Type  of  event  Details
Control  Re-operation  Limited  knee  ﬂexion  (cyclops  syndrome)
Other Diagnosis  of  incapacitating  rheumatoid  arthritisthat  adversely
affected  the  clinical  outcome
Control  Other  Cyclops  syndrome:  repeat  arthroscopy
Other Reﬂex  sympathetic  dystrophy  syndrome
CANS Other  Calibration  and  bone  morphing  impossible
Other Reﬂex  sympathetic  dystrophy  syndrome
CANS Re-operation  Excision  of  ﬁxator  pin  site  necrosis
Re-operation  Infection  of  pin  sites:  excision
CANS Other  Osteoma  of  the  quadriceps  around  the  femoral  pins
Re-operation  Cyclops  syndrome:  repeat  arthroscopy
CANS Other  Cyclops  syndrome:  repeat  arthroscopy
Re-operation  Herniation  of  the  tibialis  anterior  muscle  on  the  tibial
na
i
P1.77  ±  2.06  mmin  the  CANS  group  (P  =  0.384).  Stratiﬁcation
on  type  of  graft  failed  to  reveal  any  statistically  signiﬁ-
cant  differences.  Differential  laxity  greater  than  3  mm  is
considered  clinically  signiﬁcant.  The  proportion  of  patients
having  differential  laxity  values  lower  than  3  mm  was




n the  control  group  versus  60.7%  in  the  CANS  group,
 =  0.35).Radiological  tunnel  position  [9,10]  was  not  signiﬁcantly
ifferent  between  the  two  groups  (Fig.  2).  For  the  femoral
unnel,  the  AB/AC  score  was  68.6  ±  13.2in  the  control  group
nd  71.2  ±  31.2in  the  CANS  group  (P  =  0.51).  For  the  tibial
S96  
Figure  2  Deﬁnitions  of  geometrical  measurements  performed
on postoperative  radiographs  in  extension  and  relative  to  stan-
dard anatomical  landmarks.  A:  measurement  of  potential  notch
impingement;  B:  measurement  of  femoral  tunnel  position;  CTT:
distance  between  the  centre  of  the  tibial  tunnel  and  the  ante-
rior edge  of  the  medial  tibial  plateau;  STD:  anteroposterior
width of  the  medial  tibial  plateau;  W:  width  of  the  tibial  tunnel;
ATB: distance  between  the  projection  of  the  Blumensat  line  on
the tibial  plateau  and  the  anterior  edge  of  the  tibial  tunnel;











































































We  are  indebted  to  the  other  members  of  the  STIC  Navior edge  of  the  femoral  tunnel  AC:  length  of  the  Blumensa  at
ine, as  referenced  by  the  condyle  cortical  edges.
unnel,  the  CTT/STD*100  score  was  34.34  ±  11.7in  the  con-
rol  group  and  34.19  ±  9.7)  in  the  CANS  group  (P  =  0.93).
iscussion
he  results  of  this  study  establish  the  large-scale  feasibil-
ty  of  computer-assisted  surgery  for  ACL  reconstruction,  as
ell  as  the  excellent  outcomes  achieved  using  this  tech-
ique.  No  signiﬁcant  difference  versus  conventional  surgery
as  found  regarding  the  primary  evaluation  criterion,  i.e.,
he  proportion  of  patients  with  an  IKDC  grade  of  A  or  B  after
 year.
Few  studies  have  compared  clinical  outcomes  after  ACL
econstruction  with  versus  without  computer-assisted  navi-
ation.  Plaweski  et  al.  [4]  used  the  ACL  Logics  system  in
0  patients,  who  were  compared  to  30  patients  managed
y  conventional  surgery.  The  additional  operating  time  was
6  minutes.  After  a  mean  follow-up  of  2  years,  differential
axity  was  lower  in  the  navigation  group:  laxity  was  less  than
 mm  in  96.7%  of  knees  in  this  group  compared  to  83%  in
he  conventional-surgery  group.  In  addition,  tibial  tunnel
ositioning  was  signiﬁcantly  better  in  the  navigation  group.
o  statistically  signiﬁcant  differences  were  found  between
he  two  groups  for  the  functional  scores  or  the  resump-
ion  of  sporting  activities.  Picard  et  al.  [11]  assessed  tunnel
lacement  with  and  without  navigation  in  a  prospective
andomised  trial.  Two  surgeons  experienced  in  ACL  recon-
truction  but  inexperienced  in  computer-assisted  navigation
P
P
JS.  Plaweski  et  al.
rilled  tibial  tunnels  in  20  artiﬁcial  knees.  Accuracy  in  tun-
el  placement  was  signiﬁcantly  better  with  the  navigation
ystem.  In  a  study  of  8  junior  surgeons,  each  of  whom  drilled
0  tunnels,  Eichhorn  [12]  showed  that  navigation  was  accu-
ate  and  highly  reproducible.  In  addition,  tunnel  placement
ccuracy  as  assessed  by  radiography  was  better  in  a  group
f  300  reconstructions  with  navigation  than  in  a  group  of
00  reconstructions  without  navigation  [12]. Hiraoka  et  al.
13]  compared  conventional  surgery  to  surgery  with  navi-
ation  in  16  patients.  Tibial  tunnel  position  was  assessed
sing  radiography  and  magnetic  resonance  imaging.  The
esults  showed  better  accuracy  in  the  navigation  group  with
ecreased  variability  in  tunnel  position.  In  a  prospective  ran-
omised  trial,  Endele  et  al.  [14]  compared  two  groups  of
0  patients  managed  with  and  without  computer-assisted
avigation  and  found  no  statistically  signiﬁcant  differences
n  tunnel  position  or  clinical  outcomes.  Burkart  et  al.  [15]
eported  considerable  variability  among  surgeons  in  tunnel
lacement  using  a  navigation  system.
Thus,  few  studies  found  a  signiﬁcant  correlation  between
mproved  accuracy  in  tunnel  positioning  and  improved  clin-
cal  outcomes  [16]. Several  studies  comparing  tibial  tunnel
osition  with  and  without  navigation  demonstrated  cor-
ect  tunnel  positioning  by  experienced  surgeons  [17—21],
hereas  few  studies  showed  the  opposite  [4,22,23].  Naviga-
ion  was  associated  with  better  femoral  tunnel  positioning
n  most  studies  [4,17,18,22,23].
onclusion
hen  used  for  ACL  reconstruction,  a  computer-assisted  navi-
ation  system  seems  beneﬁcial  as  a  learning  tool  for  junior
urgeons  and  in  difﬁcult  cases  (tunnel  positioning).  Use
f  a navigation  system  increases  the  operating  time  but
as  no  effect  on  the  complication  rate.  Nevertheless,  we
ound  no  evidence  that  the  navigation  system  signiﬁcantly
mproved  the  clinical  outcomes.  Thus,  our  results  disprove
ur  working  hypothesis.  Conceivably,  given  the  young  age
f  our  patients,  a  longer-follow-up  may  be  necessary  to
etect  clinical  beneﬁts  of  improved  anatomical  reconstruc-
ion  accuracy  via  the  use  of  navigation.
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